Introduction
Many paleomagnetic studies of various sediments have been carried out with the aim of investigating the fine scale behavior of the geomagnetic field and the possible relation between paleomagnetic parameters and paleoclimatic indicators (VEROSUB, 1977b) . Some studies have found out certain magnetic "excursions" mainly in sedimentary cores and partly in igneous rocks (VEROSUB and BANERJEE, 1977) . If these excursions are a true behavior of the geomagnetic field, they would be very useful as the markers of chronostratigraphic horizons with high-resolution and would provide an opportunity to test models of the geomagnetic field behavior (VEROSUB and BANERJEE, 1977; HOFFMAN, 1981; NEGRINI et al., 1984) . However, these excursions still remain more or less in speculation at present, because they do not show "internal consistency", "spatial consistency" and "temporal consistency" (VEROSUB and BANERJEE, 1977) . These inconsistencies are caused by apparently erratic magnetic recording in sediments owing to bioturbation (WATKINS,1968) and post-depositional slumping (VEROSUB,1975) , a wide variety of nature of sediments and sedimentary environments, and uncertainty in age determination (VEROSUB and BANERJEE, 1977) . In order to prove the existence of geomagnetic excursions, it is Present Address: Motoyama Minami Junior High School, Tanaka-cho, Kobe 658, Japan necessary that we should investigate sedimentary cores from various view points such as lithofacies and granulometric features in addition to the reliable measurement of natural remanent magnetization (NRM).
We report here on paleomagnetic investigation of a core of lacustrine sediments from Harding Lake in Interior Alaska, and referring to lithofacies, granulometric features, pollen zones, 14C ages and climatic changes (NAKAO and AGER,1985) , we discuss particularly on implications of the NRM intensity change in relation to climatic change and of anomalous NRM directions in the sediment core.
Geological Setting and Core Samples
Harding Lake in Interior Alaska lies between the Brooks Range and the Alaska unglaciated even during the most severe ice ages in the Quaternary Period. The high mountain areas of both Ranges, however, have been extensively glaciated several times in the Quaternary. Even now, some small ice sheets are seen in winter time. The level of the lake is 217 m above sea level and the area is 9.88 sq. km, with a maximum depth of 43 m and the mean depth of 16 m. YOKOYAMA and TANOUE (1980) reported on the geomorphologic and geologic features of the area around Harding Lake. According to them three different height terraces are recognized in this area. These terraces are thought to be formed through repeated erosions and aggradations, as the result of the volume change of melt-water with progression and regression of glacier. The middle terrace, which is adjacent to this lake, is the widest and flattest of all them. It is about 15 to 25 m high above Tanana River, and is comparable to the water level of the lake. The surface of this terrace is covered with loess, of a thickness between 50 and 70 cm. The loess seems to be a major constituent of suspended matters and sediments in the lake, as the productivity in the lake has been too low.
Two core samples were taken from the bottom of Harding Lake covered with ice of 80 cm in thickness in March 1979 (NAKAO et al., 1980 . A piston core tube of 65.9 mm in diameter and a drilling machine mounted on a truck were used for coring, a drilling rod having been held with a casing pipe of 100 mm in diameter from the ice surface to the lake bottom. One core sample was taken at the deepest point of the lake, 42.3 m in water depth from ice surface (HD-1), and another was taken from a comparatively flat terrace-like bottom, 23.3 m in water depth (HD-2) (Fig. 2) . The former was 6.59 m in length and was used for paleomagnetic investigation.
Lithofacies, results of granulometric analysis and pollen records through the HD-1 core was described by NAKAO et al. (1980) . Climatic changes and vegetational history were inferred by means of pollen records of this core, and the ages of six horizons of the sediments were also determined by 14C method (NAKAO and AGER, 1985) (Table 1 ). These are shown in Fig. 3 with the variation curve of NRM intensity versus depth with five-point moving averages. The core HD-1 consists of lacustrine sediments through its whole length, and the grain size slightly decreases at the depth of 2.7 m and at 1.0 m it becomes suddenly coarser and ununiform. Regarding this slight decrease of grain size as the beginning of rapid rise of water level of the lake, they thought that the beginning of the regression of Last Glaciation must have been at about 11,000 years B. P. Deducing from the sudden change of grain size to coarser at the depth of 1.0 m, they also supposed that the wet climate had lasted from 5,000 to 2,500 years B. P. in contrast to the preceding age when the climate had been relatively dry, making sediments fine and sorted.
which is anomalously younger than the ages at the shallower depth levels. NAKAO and AGER (1985) described that this younger age came about from contamination in the deepest horizon due to the inflow of groundwater, as judged from the result of pollen analysis.
Taking the 14C ages into consideration, sedimentation rate during Late Wisconsinan Glacial maximum from 26,500 years B. P. to 14,000 years B. P. is lower (3.9 cm/ kyrs) than that during other periods (20 to 55 cm/ kyrs).
Fig. 2. Upper figure:
Bathymetric map of Harding Lake with sampling points, HD1 and HD2, after NAKAO and AGER (1985) . Depth contours denote in meter. Lower figure: Schematic profile of Harding Lake in the geologic viewpoints, after YOKOYAMA and TANOUE (1980) .
Magnetic Measurements and Results
Core HD-1 consists of seven slugs of 0.6 to 1.3 m long which were separately collected. Individual slugs were not oriented with respect to azimuth. Paleomagnetic specimens were sequentially cut along the axes of these six slugs HD 1-1, 3, 4, 5, 6 and 7 (excluding a slug HD1-2, because it was very short) into 366 cubic specimens of was fit for paleomagnetic study. Through a simple calculation on the basis of the relation between depth and 14C age, the mean sedimentation rate of this core is All specimens were measured with a cryogenic magnetometer whose sensitivity is (emu/g). As a test of the stability and reliability of the remanence, eleven pilot specimens were subjected to routine stepwise alternating-field (AF) demagnetization , i n peak fields of 3, 6, 9, 12, 15, 20, 25, 30, 35, 40, 50 and 60 mT. Nine of eleven pilot specimens were normally magnetized and the rests were reversely magnetized . Figure  4 shows (a) equal-area projections, (b) intensity decays and (c) vector component diagrams for both normally (left) and reversely (right) magnetized specimens . The stepwise AF demagnetizations indicate that these specimens possess comparatively strong and stable remanence with median destructive field ranging from 20 to 40 mT (200 to 400 Oe) and their direction hardly changed against the AF level up to 30 mT (300 Oe). Thus, these specimens have very stable NRM, which is not overprinted by secondary components, sufficient to discuss large-scale fluctuations in the intensity and direction of the past geomagnetic field, although the declination is considerably variable because of the steep inclination (Fig. 4-right) . The declination-, inclinationand intensity-depth relations of the NRM before AF demagnetization are shown in Fig. 5 . These curves are drawn with their five-point moving averages . Sudden changes in the NRM intensity occur by an order of magnitude or more near the depth levels of 2.3 m, 2.7 m, 4.6 m and 5.2 m. The NRM intensities are particularly variable in the depth range between 2.3 m and 2.7 m, and are relatively invariable in the depth range between 2.8 m and 4.4 m. As mentioned above, the individual slugs are not azimuthally oriented , so that it is only possible to determine the relative declination of specimens within a given slug . In Fig. 5 , the declinations are reset so as to agree the average value of all specimens 
NRM intensity change
Variation in the NRM intensity throughout the core sample may imply the past climatic change in the area around the Harding Lake. The NRM intensity variation of sediments is mainly affected with change in two parameters; (a) intensity of the geomagnetic field in which the NRM was fixed, and (b) natures of sediments and magnetic particles which carry the NRM (e.g. quantity ratio of the magnetic particles to the nonmagnetic particles, and their size and sort). Three sudden changes in the NRM intensity, which occur near the depth levels of 2.7 m, 4.6 m and 5.2 m, are caused by those in the latter parameter (b) rather than the former one (a) for the following reasons; (i) intensity of saturation isothermal remanent magnetization, which was measured for some discontinuous specimens, shows a similar variation to that of the NRM, supporting that the variation of the NRM intensity mainly depends on quantity change of the magnetic constituents in the lake sediments, (ii) the mean diameter also changes near the similar depth level of 2.7 m to the NRM intensity (Fig.  3) and (iii) the facies also alter variously near the depth levels of 4.6 m and 5.2 m. At such a high latitude as Interior Alaska, the nature of sediments alters with change in quantity of melt water of glacier which carries constituents of sediments and with change in passage of its supply. These changes are accompanied with volume change of ice sheet, which is induced by climatic change. Thus, the sudden changes in the NRM intensity have a good possibility of finding out catastrophic timings of the past climate.
Pollen record (Fig. 3) is an indicator of the past climatic change. There are five boundaries at the depth levels of 1.65 m, 2.05 m, 2.80 m, 4.15 m and 4.60 m in a record of the HD-1 core. A boundary between "Spruce-Birch Zone" and "Birch-WillowPopulus Zone" (2.05 m; 9,500 years B. P.) corresponds to that between Holocene and Late Wisconsinan Glacial Interval. It is known from granulometric analyses that the lake level has started to rise around the depth level of a boundary between "BirchWillow-Populus Zone" and "Birch Zone" (2.80 m; 11,300 years B. P.). The NRM intensity suddenly changes at almost the same depth level of this boundary and relatively fluctuates in shallower range above this depth level, suggesting a subsequent gradual rise in the lake level. A boundary between "Herb Zone" and "Spruce-BirchEricaceal-Sphagnum-Sedge Zone" (4.60 m; 26,500 years B. P.) corresponds to that between late wisconsinan Glacial Interval and Middle Wisconsinan Interstadial Interval. Also around the depth level of this boundary, the NRM intensity suddenly changes. Thus, a sudden change in the NRM intensity apparently offers us information of a transition point in the past climate. It seems to be probable that a sudden fall in the NRM intensity around the depth level of 5.20 m would suggest a transition period in the past climate.
Anomalous NRM directions
Using the sediments from Harding Lake, it is possible to find out short-period (<100 yrs) excursions such as possible one, "Starno event" (NOEL and TARLING, 1975) and "Gothenburg flip" (MORNER, 1977; LANSER, 1974, 1975) , because the mean sedimentation rate of one specimen is deduced to be about 3 cm every century, i.e., each specimen can cover about 30 years during other periods excluding Late Wisconsinan Glacial maximum period.
Three declination swings with lower or reversed inclinations occur around the depth levels of 0.6, 1.3 and 2.2 m, which correspond to ages of about 3,000, 6,600 and 10,000 years B. P., respectively. As these ages are determined by interpolation of the 14C a ges at six horizons, they may differ from the true ages. In addition, these ages must be slightly older to be regarded as the ages of the declination swings, because the NRM of fine grained sediments is acquired after deposition (IRvING, 1957; IRVING and MAJOR, 1964; KENT, 1973; YASKAWA, 1974; HAMANO, 1980; OTOFUJI and SASAJIMA, 1981; HYODO, 1984; HYODO and YASKAWA, 1986) . We discuss the reliability and possibility of these three swings, although we can not verify their "internal consistency" because we used only one sediment core . demagnetized post-glacial sediments from Blekinge in southern Sweden. Age of the event, 2,800 years B. P., corresponds to that of a possible excursion which was suggested by RANSOM (1973) on the basis of archeomagnetic data from Italy and Greece. This swing, however, might be rather doubtful, because it occurs in coarse, poorly sorted and loose clay zone from 0.50 to 0.56 m.
The declination swing with low inclination and partly with reversed inclination at 1.3 m (age; about 6,600 years B. P.) can not be discerned by any other paleomagnetic investigation (JACOBS, 1984) . This swing occurs in fine, more sorted and laminated clay zone from 1.26 to 1.80 m, and seems to indicate a true geomagnetic behavior and to be considered as a new possible excursion dated about 6,600 years B. P., because no post-depositional slumping was found in this clay zone.
Two declination swings accompanying with reversed inclination swings occur in the depth range from 2.1 m to 2.3 m (age range; about 9,800 to 10,600 years B. P.). These swings are in fine, more sorted and laminated silt zone from 2.00 to 2.92 m. They seem to indicate the true geomagnetic behavior, because no post-depositional slumping was found in this silt zone. They can correspond to a possible excursion "Gothenburg flip" dated at 12
,350 years B. P. (MORNER and LANSER, 1974 ) and a although the ages of the swings are younger than those of the reported excursions and the period for a set of the swings (800 yrs) is about eight times as long as that of the reported excursions (<100 yrs). Because, no swing but these swings occurs in the depth range from 2.0 to 4.1 m (age range; about 9,500 to 14,000 years B. P.). The swings, however, might be considered as a new possible excursion or as a set of new possible excursions. These three detected and two proposed excursions have been reported mainly in studies of sediments taken at a high latitude. In a middle latitude like Japan, for example, many paleomagnetic investigations HYODO and YASKAWA,1980; YAMAZAKI et al., 1985; HYODO et al.,1985) were carried out using lake and shallow water sediments with high time coverage. However, they did not detect any excursions younger than 14,000 years B. P. This suggests that the above mentioned excursions were regional phenomena which occurred only at a high latitude, or that resolving power of magnetic records of glacial sediment differs from that of usual lake and inland sea sediments.
Many excursions have been reported from studies of sediments and igneous rocks in the period ranging from 14,000 to 26,500 years B. P.; e.g., Laschamp (BONHOMMET and ZAHRINGER,1969) , Mono Lake (DENHAM and COX,1971) , Gulf of Mexico (CLARKS and KENNETT,1973) and Lake Biwa . All of them were not able to be detected in this core in the identical period. This is due to poor time coverage of one specimen (250 years).
Despite of the potential importance of excursions, there are few excursions whose existences have not been questioned for such reasons as "spatial inconsis-tency", "internal inconsistency" and "temporal inconsistency" (VERQSUB and BANERJEE, 1977) . For example, Mono Lake excursion had been originally found at Mono Lake, California (DENHAM and Cox,1971) . Since then, the excursion has been found at four time-equivalent sections of the identical lake deposits (LIDDICOAT and COE, 1979) . In addition, the excursion has been found at Lake Lahontan Sehoo Formation in the Carson Sink, Nevada, 200 km NE of Mono Lake (LIDDICOAT et al., 1982) and at Summer Lake, Oregon, boo km N of Mono Lake (NEGRINI et al.,1984) . However, the excursion has not been found at Clear Lake, California, 320 km WNW of Mono Lake (VEROSUB,1977a) and at Pyramid Lake, Nevada, near Lake Lahontan (VEROSUB et al.,1980) . The present authors think that: These "spatial inconsistencies" are not due to regional occurrence of the excursion but are due to failure to detect the excursion. If the excursion was truly regional phenomenon, the regional occurrence can give a hint of investigating the fine scale behavior of the geomagnetic field and its record can only serve as a regional chronostratigraphic marker horizon. For the purpose of satisfying "spatial consistency" and "internal consistency", it is necessary to investigate biologically and physically undisturbed sediments with high time coverage of one specimen.
The remanence of sediments is generally regarded as post depositional detrital remanent magnetization (PDRM). PDRM is acquired on a scale ranging from minutes to years after deposition owing to nature of sediments (VEROSUB,1977b) . In addition, the recording process of PDRM in sediments tends to be subject to the amplitude attenuation and phase lag of the directional change of magnetization, and to the intensity reduction due to cancellation effect of magnetic moments (HYODO, 1984) . The cancellation rate seems to be controlled by nature of sediments, i.e., a size distribution of magnetic and nonmagnetic grains, both shapes, sedimentation rates, and so on (HYODO,1984) . This cancellation effect may have apparently erased some excursions and may have shortened their duration. It is possible to satisfy "spatial consistency" by means of investigating fine and homogeneous sediments with high sedimentation rate and with high time coverage of one specimen. Also, it is important to estimate time lag from deposition to acquisition of PDRM in order to date the time of excursions more exactly. These complexities of magnetic recording process in sediments puzzle us to find excursions. In case of speleothems, these complexities are excluded (INOKUCHI et al.,1981; MORINAGA et a1.,1985 MORINAGA et a1., ,1986 , so that it is easy to satisfy "spatial consistency" and is effective to identify excursions.
